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SUBJECT:  Flight  Tests  of  First  Ten  STV-2' s  With  Program  Roll  Syst^j 

REFIREITCES:  (a)  NOTS  Letters  to  APL-JHU  Reporting  STV-2  Tests :- 
HP45/A9/F41-18/l56/R0/AEF/meh,  Serially  Numbered: 

#6,  Fired  5  Sept  1946  -  Serial  (  048)  Jan  23,  1947 

#7,  Fired  25  Sept  1946  -  Serial  (0100)  Feb  25,  1947 

#24,  Fired  29  Oct  1946  -  Serial  (0108)  Feb  28,  1947 

#17,  Fired  16  Jan  1947  -  Serial  (0208)  Apr  17,  1947 

#14,  Fired  23  Jan  1947  -  Serial  (0248)  May  12,  1947 

#1  #3,  Fired  13-19  Jan  1947  -  Serial  (0229)  Apr  30,  194 
#11  #10,  Fired  20  Feb  1947  -  Serial  (0230)  Apr  30,  1947 
#25,  Fired  26  Feb  1947  -  Serial  (0207)  Apr  17,  1947 

(b)  STV-2  Data  -  APL-JHU  Drawing  No.  2400. 


ENCLOSURE:  (A)  Figures  1-11.  Figures  1-10  are  telemetering  curves, 

chiefly  rate  of  roll  versus  deflection,  some  with  missile 
epeed  or  roll  attitude  included.  Figure  11  is  a  typical 
set  of  telemetering  curves  of  pressures  and  speeds  from 
two  receiving  stations  and  camera  data  for  comparison. 


SUMMARY: 

(l)  Direction  of  Roll  Response 


Supersonic 

Reverse  Roll 
Reverse  Roll 
As  Predicted 


Subsonic 

Reverse  Roll 
As  Predicted 
As  Predicted 


(2)  Amount  of  Roll  Response 


\  ' 

Differentially  Deflecting  Surfaces 

Rollerons 
Wing  Deflection 
Tail  Deflection 


At  a  speed  of  1400  feet  per  second,  the  roil  response  was  about  130°/sec., 
per  degree  of  deflection  per  square  foot  of  deflecting  surface.  At  speed 
of  1400  ft/sec.: 

Total  effectiveness  of  rollerons  is  about  400  see**2 
Total  effectiveness  of  deflected  wings  is  about  1400  sec-2 


(3)  Roll  Damping 
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difficult. 


Thl 
of  f 
U.S 
in  t 


Steady  state  was  reached  about  0.5  second  after 
Misalignments  and  gradual  drift  made  measurements 
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(4)  Accuracy  of  Records 

Although  differences  were  observed  on  all  duplicate  telemetering  channels, 
comparisons  with  measurements  by  other  methods  were  possible  in  the  case 
of  measurement  of  speed  by  ram  pressure,  Figure  11,  Enclosure  (A). 
Discrepancies  of  about  15  per  cent  were  found  between  stations  and  between 
methods. 


Jose  of  This  Report 


Preliminary  data,  Reference  (a),  have  been  issued  by  NOTS,  Inyokern,  and 
CVAC  on  ten  STV-2' s  with  roll  systems.  It  is  the  purpose  of  this  report  to 
analyze  the  data  from  these  test  to  determine  aerodynamic  parameters.  Ibis 
reoort  is  basod  on  the  final  data  from  telemetering  and  theodolite  information. 


General  Put 


of  These  FI 


it  Tests 


Apart  from  the  purposes  of  checking  the  operational  characteristics  of  a 
revised  inter-rocket  manifold,  of  studying  separation,  and  of  determining 
operational  effects  of  the  launcher's  elevation  10°  higher  (to  30°)  with  a 
10  foot  extension  (to  35  feet)  all  of  which  were  reported  satisfactoryj^jthe 
main  purposes  of  these  flight  tests  of  roll  systems  were  as  follows: 

To  provide  a  sustained  velocity  region  of  flight; 
and  in  this  region  to  determine  the  rate  of  roll,  the 
rate  of  change  of  rolling  velocity  resulting  from 
differentially  deflecting  surfaces  (l)  at  fixed  angles 
and  (2)  with  programmed  movement,  and  to  determine  the 
damping  in  roll  and  the  effectiveness  of  the  roll  control 
surface. 


General  Descri 


and  Configuration  of  STV-2 


For  details  of  the  general  configuration  of  STV-2,  see  the  drawing  of 
Reference  (b). 


The  STV-2  is  a  projectile-shaped  test  vehicle  120  inches  long  with  a 
diameter  of  12  inches.  Seventy-five  (75)  inches  back  from  the  point  of  the 
long  tapered  nose  there  are  four  movable  wings  having  a  span  of  36  inches 
and  a  total  area  of  1.78  square  feet.  These  wings  are  untapered,  unsvept, 
basically  rectangular  in  planform,  with  tips  having  positive  rake.  At  the 
rear  there  are  four  evept-back  fixed  fins  having  a  span  of  41  inches  end  a 
total  area  of  6  square  feet. 

Deflecting  surfaces  consist  of  two  rollerons  having  a  span  of  26  inches 
and  a  total  area  of  0.28  square  feet,  or  of  the  two  horizontal  wings  or  tail 
fins,  which  (except  the  tail  fins)  are  differentially  actuated  by  the  electro- 
hydraulic  system,  changing  deflection  every  1-1/2  seconds.  'Hiese  movements 
are  regulated  by  a  bang-bang  control  system  consisting  of  a  clock  mechanism 
which  is  electrically  started  at  separation  from  the  booster  carriage. 

Inside  the  afterbody  of  the  vehicle,  a  slow  burner  ABL  rocket  having  a 
diameter  of  ten  inches,  a  rated  thrust  of  1000  pounds,  and  a  rated  duration 
of  10  seconds,  is  electrically  fired  at  separation. 
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To  record  information,  the  vehicle  operates  four  channels  of  APL 
FM  Telemetering  employing  the  following  end  instruments: 

(A)  Ram  stagnation  pressure  gauge,  (B)  Position  of  the  deflecting  surfaces, 
(C)  Rate  of  roll,  and  (D)  Roll  attitude. 


General  Results  and  Sources  of  Data 

The  chief  sources  of  information  are  the  telemetering  records  in  the  form 
of  rolls  of  photographic  traces,  each  roll  with  a  custom  prepared  calibration 
card  for  the  trace  of  each  frequency  channel.  The  flight  and  preflight  records 
used  by  /PL  were  made  at  the  "Vagabond  Lady"  Station  located  beside  the  Stran- 
Steel  hut  near  the  launcher.  (CVAC  uses  the  records  of  the  "Weary  Willie" 
Station  located  in  a  telemetering  truck  at  Tower  4,  G-l  range,  about  8000  feet 
down  range,  about  20°  left  of  the  firing  line).  Both  stations  were  fully 
equipped  with  recording  facilities.  The  data  of  these  rolls  were  transferred 
to  the  graph  sheets,  .'Enclosure  (A),  by  plotting  points  at  every  one-tenth 
second  of  fli$it  during  normal  performance  and  at  every  one-twentieth  second 
for  the  first  3  seconds  and  during  rapid  changes. 

"Newsreel"  Kodachrome  16  millimeter  motion  pictures  are  available.  These 
show  the  STV-2  vehicle  and  booster  carriage  assembly,  the  launching,  the  flight, 
and  the  recovery  of  the  expended  unit.  Checks  on  the  roll  characteristics  of 
the  vehicle  while  attached  to  end  separating  from  the  booster  carriage  were 
obtained  by  examination  of  these  newsreels. 

Memoranda  and  data  by  C7AC  and  NOTS,  included  in  Reference  (a),  have  been 
freely  used  and  copied.  These  include  descriptions  of  teBt  vehicles  and  test 
conditions,  theodolite  camera  curves,  and  the  Test  Firing  Reports  which 
apparently  are  copies  of  original  field  data  sheets. 

Aerodynamic  Coeff lclerfts.  The  simplified  equation  for  the  response  in 
roll  of  a  missile  is: 

10  +  A  0  =  L 

where  0  =  Angle  of  Roll 

I  -  Moment  of  Inertia  of  Missile  About  Roll  Axis 
A  a  Aerodynamic  Torque  Due  to  Roll  Angular  Velocity 
L  •  =  Torque  (Producing  Roll) 

where  A  and  L  are  constant  for  constant  speed  and  altitude. 

Dividing  by  I  gives:  .. 

0  ♦  a  0  =  K 

where  a  - 

I 


K  -  Jl. 
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For  constant  missile  velocity  and  altitude  and  a  fixed  control  surface 
setting,  L  is  a  constant,  hence,  under  these  conditions 


-at 

+  ce 


c  being  a  constant  deoending  on  the  initial  conditions,  and 

0  =  -ace“a^ 

It  is  unlikely  that  all  of  the  ideal  conditions  ever  would  be  obtained. 

This  approximate  equation  may,  however,  be  used  to  obtain  values  of  a  and  K. 

The  following  «praphic  method  has  been  used.  Starting  at  a  time  when  a  bang- 
bang  deflection  of  the  rsll  control  surfaces  has  just  been  completed  and  ending 
when  the  new  steady  state  of  roll  is  reached,  the  telemetering  record  of  rate 
gyro,  ,  is  plotted  versus  tine  as  a  large  scale  curve.  The  function  0  is 
graphically  measured  along  this  curve,  end  the  corresponding  In  j  0  {.  is  plotted 
producing  a  rouguly  straight  line,  the  slope  of  which  is  -a.  The  possible  effect 
of  deceleration  and  change  in  pressure  was  examined  and  found  negligible  because 
of  the  short  space  of  time  in  which  calculations  were  made. 

Ti.\e  STV-2's  did  not  contain  angular  accelerometers,  but  a  fair  estimate  of 
the  angular  acceleration  can  be  obtained  from  the  rate  of  roll.  Examination  of 
a  number  of  the  telemetering  records  has  shown  that,  for  the  STV-2, 

a  1  32  soc-^ 


when  the  speed  is  1400-1500  feet  per  second.  Individual  measurements  ranged 
from  about  6  to  15  seconds-*. 

The  value  of  K  depends  on  the  magnitude  of  the  roll  control  surface 
deflection,  as  well  as  on  the  surface  being  used  for  roll  control  and  can  be 
found  from  the  relation 

E  =  a  08 

where  .  >> 

.  00  a  Steady  state  roll  angular  velocity,  provided 

information  on  a  and  0Q  is  available. 

% 

In  the  case  of  the  STV-2,  the  steady  state  1b  reached  within  about 
0.5  second  after  the  roll  control  surface  assumed  a  new  deflection. 

Values  of  K  are  tabulated  in  the  following  page 

Roll  Response.  Response  to  differentially  deflected  rollerons  and  wings 
was  measured  by  the  difference  in  the  steady  rate  of  roll  before  and  after 
their  deflection.  This  was  done  at  1400  feet  per  seoond  (for  deflections  at 
the  wing  location)  because  this  was  the  only  speed  at  which  data  on  five 
vehicles  were  available  without  extrapolation.  Measurement  of  the  sixth 
vehicle  was  prevt>..  .ed  by  failure  to  obtain  good  data.  Measurements  are 
tabulated  below: 
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Angles  of  Attack  and  Yaw.  If  yaw  and  pitch  were  present,  they  were 
not  of  sufficient  magnitude  to  be  detected  by  the  methods  of  observation 
used.  No  further  discussion  of  pitch  and  yaw  angles  is  included 

Booster  Inter-Rocket  Manifold.  It  has  been  reported  that  the  intro¬ 
duction  of  solid  steel  inter-rocket  manifold  into  the  booster  was  satisfactory. 

Launching  at  Inyokern.  It  has  been  reported  that  launching  at  an 
elevation  of  30°  with  a  35  foot  guide  rail  was  satisfactory. 


Forward  Rolleron  System.  Mk.  50.  Mod.  1.  (CAL  Construction) 

Description  and  Programs  of  Deflections.  Vehicles  STV-2  No.  1  and 
No.  25  were  assembled  by  the  Cornell  Aeronautical  Laboratory.  Located  21.15 
inches  back  from  the  nose  were  two  rollerons,  Reference  (a),  with  tips  having 
positive  rake.  These  were  actuated  cyclically  by  the  electro-hydraulic 
control  system  about  one  second  after  separation  and  at  successive  intervals 
of  one  second.  The  amplitudes  of  successive  deflections  were  altered  by  a 
cam  which  allowed  the  bell  crank  to  go  a  distance  depending  on  the  position 
of  the  cam.  The  movement  of  the  hydraulic  piston  was  stopped  against  this 
bell  crank  The  cam  was  moved  into  successive  positions  by  a  rachet  device 
and  a  motor  driven  clock  mechanism.  These  movements  turned  out  to  be  some- 
whet  mixed  but  were  programmed  roughly  along  the  following  lines: 

Vehicle  Program  of  Deflections 

Serial  No.  1  3  l/3°  cw,  3-1/3°  ccw,  6  2/3°  ccw,  6  2/3°  cw, 

10°  ccw,  10°  cw; 

Serial  No.  25  5°  cw,  15°  ccw,  15°  cw,  5°  ccw,  15°  cw,  10°  ccw 

Results;  Forward  Rollerons  Ineffective.  Compared  to  other  configura¬ 
tions  for  producing  rolling  torques,  the  forward  rollerons  were  ineffective 
in  degree  of  response  produced. 

Both  vehicles  Bhowed  "reverse  roll"*  at  all  speeds. 

The  aerodynamic  roll  damping  coefficient,  a,  was  computed  for  No.  1 
only,  at  one  of  the  program  changes  which  produced  counterclockwise  roll 
response,  when  the  speed  was  1500  feet  per  second.  The  value  obtained  was 
a  i  7  (rough  approximation) 


*  By  "reverse  roll"  is  meant  a  response  tending  to  roll  the  vehicle  in  the 
reverse  direction  to  that  preidctcd  in  consideration  of  the  deflected 
surfaces  alone. 
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Inter-Wing  Rolleron  System  (CVAC  Construction  of  Standard  ST/-?) 

Description  and  Program  of  Deflections.  Vehicles  STV-2  No.  24,  No.  17, 
and  No.  14  were  aseembloi  by  the  Consolidated-Vultee  Aircraft  Corporation  as 
indicated  precisely  in  the  drawing  of  Reference  (b).  Their  rollerons  were 
located  at  the  forward  wing  position  mounted  45°  counterclockwise  from  the 
vertical  wings  when  viewed  from  the  rear.  The  rollerons  were  differentially 
rotated  by  a  bang-bang  roll  control  system  which  reversed  their  deflection  at 
separation  (in  the  case  of  No,  14,  this  was  delayed  for  1  l/2  seconds)  and 
at  successive  1  l/2  seconds  intervals  thereafter  (in  the  case  of  No.  24,  this 
was  at  2  l/2  seconds  intervals).  The  amplitude  of  movement  of  the  hydraulic 
piston  was  controlled  by  a  restraining  stop  in  the  cylinder.  The  movements 
followed  the  following  programs. 


Vehicle 


Program  of  Deflections 


Serial  No.  24 
Serial  No.  17 
Serial  No.  14 


10°  cw,  10°  ccw,  and  bo  on. 

3°  38'  cw,  3°  38'  ccw,  and  so  on. 
20  12'  cw,  2°  12'  ccw,  and  so  on. 


Results:  Inter-Wing  Rollerons  Somewhat  Effective.  Inter-wing  rollerons 
effected  reverse  roll  at  all  speeds.  See  table  in  the  General  Results, 
Paragraph  4-b. 


The  aerodynamic  coefficient,  a,  was  computed  by  selecting  a  vehicle, 
STV-2  No.  24,  which  had  what  was  considered  to  bo  fairly  uniform  rate  gyro 
curves  (of  response  to  rolleron  deflection).  After  8.3  seconds  of  flight, 
wh*n  the  rolleron  deflection  rotated  the  vehicle  in  a  counterclockwise 
direction,  at  a  missile  speed  of  .^bout  1400  feet  per  second,  a  damping 
coefficient  of  a  =  12  was  computed. 

Further  calculations  were  made  on  STV-2  No.  17.  After  1C. 4  seconds 
of  flight,  when  the  rolleron  deflection  rotated  the  vehicle  in  a  counter¬ 
clockwise  direction,  and  when  the  speed  was  about  1350  feet  per  second,  a 
damping  coefficient  of  a  £  11  was  obtained. 

After  7.9  seconds  of  flight,  when  the  rolleron  deflection  rotated 
the  vehicle  in  a  clockwise  direction,  and  when  the  speed  was  about  1400  feet 
per  seond,  the  value  of  a  was  a  i  6. 


Horizontal  Wing  Roll  System  (CVAC  Construction) 

Description  p.id  Program  of  Deflection.  Vehicles  STV-2  No.  13,  No.  11, 
and  No.  10  were  assembled  by  the  Consolidated-Vultee  Aircraft  Corporation  with 
no  rollerons  or  ailerons.  The  horizontal  wings  were  differentially  rotated 
by  a  bang-bang  roll  control  system  which  reversed  their  deflection  about 
1  l/2  seconds  after  separation,  and  ft  1  l/2  second  intervals  thereafter. 

The  amplitude  of  the  movement  of  the  hydraulic  piston  was  made  constant  by 
a  8 top  in  the  cylinder.  The  movements  followed  the  following  programs. 
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Vehicle 


Program  of  Deflections 


Serl&l  No.  13 
Serial  No.  11 
Serial  No.  10 


1°  20'  ccw,  1°  20'  cw,  and  so  on 
3°  20'  ccw,  3°  20' ,  cw,  and  so  on 
5°  ccw,  5o  cw,  and  so  on 


Results  of  Horizontal  Wing  Roll  System.  All  three  vehicles  showed 

reverse  roll  at  supersonic  speeds.  At  subsonic  speeds.  No.  11  end  No.  10 

had  direction  or  roll  as  predicted  for  the  wing  deflections  alone.  (A 

record  on  No.  13  at  subsonic  speed  was  not  obtained). 


See  table  in  General  Results,  Paragraph  4-6.  lhe  aerodynamic 
coefficient  was  not  computed. 


Horizontal  Tall  With  Differential  Deflection  (CVaC  Construction) 

Description.  In  No.  7  there  were  no  rollerons  or  ailerons.  The 
horizontal  tail  fine  were  set  with  a  differential  deflection  of  1°  in  a 
clockwise  direction  (this  being  the  direction  of  their  rotation  as  seen 
from  outside  the  test  vehicle  looking  along  the  axis  of  rotation  of  the 
particular  surface). 

Results  of  Horizontal  Tall  Roll  System.  At  both  supersonic  and  subsonic 
speeds,  No.  7  rolled  fairly  steadily  at  about  2  l/2  r.p.s.  in  a  clockwise 
direction  as  viewed  from  the  rear  of  the  vehicle.  This  is  the  direction  of 
roll  as  predicted  for  the  tail  deflecting  surfaces  alone.  In  this  connection 
it  may  be  noted  that  this  is  the  only  vehicle  which  did  not  have  reverse  roll. 
The  tail  deflection  was  calculated  to  approximate  the  maximum  misalignment  to 
be  expected  from  manufacturing  tolerances.  Bio  resultant  roll  was  greater  than 
the  greatest  roll  response  to  5°  differential  deflection  of  the  horizontal 
wings.  It  is  not  known  how  much  of  this  was  due  to  the  deflecting  surfaces 
and  how  much  was  caused  by  further  accidental  misalignment. 

Speed  Measurement  by  Stagnation  Pressures 

It  appears  that  telemetered  stagnation  pressure  can  be  a  good  method 
of  measuring  vehicular  speed,  provided  the  freo  stream  pressure  is  known. 


Stagnation  pressure  gauge  readings  were  telemetered  from  seven  of  the 
ten  STV-2's.  Curves  of  supersonic  speed  versus  time  of  flight  were  prepared 
from  these  data,  after  calculating  the  speed  by  the  use  of  Rayleigh's  pilot- 
tube  formula.  Ambient  pressures  taken  directly  from  meteorological  data 
obtained  at  the  field  at  the  time  of  flight,  when  available  in  Reference  (a), 
were  found  to  follow  the  normal  curve  of  pressure  versus  altitude  within 
2  or  3  millibars.  Under  such  conditions,  in  the  measurement  of  epeed  by 
stagnation  pressure,  the  free  stream  preosure  may  be  taken  from  the  normal 
curve,  using  the  altitude  obtained  from  the  theodolite  data  and  correcting 
for  the  atmospheric  pressure  at  the  surface.  In  comparing  speeds  with  those 
obtained  from  camera  data,  head  and  tail  winds  were  taken  into  consideration, 
although  the  weather  was  fairly  ^lnj^  these  made  corrections  up  to  20  feet 
per  second.  I 
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Accuracy  of  Telemetric  Data 

The  accuracy  of  telemetric  data  can  not  be  checked  completely  by 
comparison  with  other  methods  of  observation,  although  it  has  been  noted 
that  there  are  variations  between  duplicate  channels  on  apparently  fixed 
values  such  as  flap  settings,  also  variations  between  the  records  of  the 
two  receiving  stations. 

Sam  pressure  gauge  readings  provide  a  means  by  which  speeds  computed 
from  their  telemetric  data  can  readily  be  compared  with  the  speeds  measured 
by  triangulation  of  theodolite  camera  data  and  by  acceleration  camera  data. 

Each  curve  of  speed  calculated  from  ram  pressure  (Paragraph  9)  was 
plotted  along  with  the  corresponding  theodolite  camera  and  acceleration  camera 
velocity  curves  for  comparison.  In  making  the  comparison,  acceleration  camera 
data  when  available  was  used  in  preference  to  theodolite  data.  In  most  of 
these  curves,  the  curve  of  speed  calculated  from  -pressure  runs  roughly  parallel 
to  that  from  camera  data  but  is  different  from  the  latter  by  90  feet  per  second 
(on  the  average).  This  difference  corresponds  to  a  pressure  difference  of 
about  3  l/2  pounds  per  square  inch.  The  two  telemetering  records  of  this 
same  function  for  each  flight,  moreover,  differ  on  the  average  about  this 
same  amount  from  each  other.  On  comparison  of  the  records  of  4  vehicles, 

No.  7,  No.  17,  No.  13,  and  No.  10,  the  average  difference  between  stations 
was  about  3  pounds  per  square  inch  in  20,  or  about  15  per  cent. 

Figure  11  of  Enclosure  (a)  is  a  typical  eet  of  curves  of  the  two 
records  of  ram  pressure  gauge  readings,  (l)  from  the  "Vagabond  Lady"  telemeter¬ 
ing  records  and  (2)  from  CVAC  data  read  from  the  "Wearie  Willie"  records. 

The  corresponding  speeds  are  also  plotted,  with  twe  speed  curves  from  camera 
data  for  comparison.  Differences  between  all  four  curves  in  Figure  11  may 
be  noted. 


Recommendations 

In  order  to  get  the  most  information  and  the  most  reliable  information 
from  a  necessarily  budgeted  minimum  of  flight  tests,  (l)  it  has  been 
recommended  that  critical  preflight-  data  so  far  ap  practicable  be  precisely 
recorded  by  two  or  more  independent  proved-in  source.  employing  two  or  more 
basic  methods  of  observation,  e.g.  that  records  of  -'’lap  deflections  be  made 
by  both  visual  inspection  and  by  photography  simultaneously  with  the 
calibration  of  both  telemetering  receivers;  and  (2)  it  has  been  recommended 
to  telemeter,  at  periodic  short  intervals  during  flight,  steps  of  calibration 
of  each  end  instrument. 


J.  Metzler 
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14  G  R  Tatum 

15  H  H  Porter 

16  A  G  Ennis 

17  A  Bonney 

18  C  V  Besserer 

19  D  T  Sigley 

20  W  A  Good 

21  G  B  Harris 

22  R  W  Larson 

23  G  C  Munro 

24  E  R  Sanders 

25  A  Kossiakoff 

26  E  S  Morton 

27  W  H  Goss 
20  J  E  Cook 

29  R  X  Dahl  strom 

30  T  Dn.v  is 

31  E  S  Franklin 

32  W  G  Berl 

33  T  W  Sheppard 

34  A  0  Wise 

35  W  H  Duerig 

36  W  B  Snow 

37  A  E  Ruark 

38  V  F  Hilton 

39  f  K  Hill 

40  A  R  Eaton 

41  N  Edmonson 

42  H  V  Bishop 

43  C  E  Swartz 

44  R  P  Peterson 

45  J  A  VanAllen 

46  H  E  Tat  el 

47  R  C  Herman 

48  W  J  Arndt 

49  Bertha  Jacot 

50  T  F  Ball 

51  H  A  Tellnan 

52  D  E  Gray 

53  AC  Office  -  E  F  Smellie 

54  H  M  Nicholson  (BAD) 

55  J  B  Green  (NOL) 

56  Naval  Research  Laboratory 
Code  1100 

57-58  Lt  Comdr  T  Stanwick  ( NODU/BuOrd) 
59-60  Command  Officer,  NOTS,  Inyokern 
61-95  Chief,  Bureau  of  Aeronautics 
Att:  K  K  Ray 

96  Army  Ordnanco  APL  Liaison 

97  Lt  Col  H.  C.  Bee 


98  Major  W  B  Sigley  (AOF) 

99  Office  of  Chief  of  Ordnance 
Fort  Bliss,  Texas 

Att:  Major  James  P.  Banlll 
100-102  Bendix  Aviation  Corporation 
Dr  Harner  Selvidge 
A  Hoeckley 
R  M  Russell 

103-106  Consolidated-Vultee  Aircraft  Corp. 
A  W  Abels  -  3 
J  E  Arnold 

107-111  Cornell  Aeronautical  Laboratory 
Will  Duke 

112-113  Curtiss-Wright  Corporation 
B  G  Eaton 

114  Experiment  Incorporated 
J  W  Mullen,  II 

115  Farnsworth  T  and  R  Company 
J  D  Shantz 

116  Johns  Hopkins  University 
F  H  Clauser 

117  Kellex  Corporation 
118-122  Mass  Inst  of  Technology 

H  G  Stever 

123-124  Michigan,  University  of 
A  M  Kuethe 
W  C  Nelson 

125  New  Mexico  School  of  Minee 
E  J  Workman 

126  New  Mexico  A  and  M 
George  Gardiner 

127  North  American  Aviation,  Inc 
D  H  Mason 

University  of  Princeton 
Harry  Ashworth,  Sr. 

129-130  Texas,  University  of 
Dr.  C.  P.  Boner 

131  Virginia,  University  of 
Dr  J  W  Beams 

132  Washington,  University  of 
Dr  J  E  Henderson 

133  Wisconsin,  University  of 
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TIME  IN  SECONDS 


r  E 

r 

4  _ 

!  — 

i 

j  - 

4-4 

.  1 . . 

1 

t'1- 
-+  ■ - • 

i 

ht 

c 

. _ 

I 

j_j. 

1  ■  ■ 

* 

i-  r*; 

.  ij 

'  TT" 

\ 

1 

L. 

| 

[  _ 

j-  r 

i 

i 

■4  ; 

f  1 4  +•  ■- 

- - 

I  | 

r 

— 1— 

■ 

Lj 

\ 

\ 

■k 

1 

i  T 

[L_n 

4.  I 

j 

ii> 

II 

■  + 

1 

!  "  '  ” 

* 

t 

1 

1  ■  * 

* 

1  . 

1  . 

f 

1, 

— 

1  4 

Ll 

4  i 

•  1 

_LI  , 

dc 

f" 

■ 

p  "!r 

.  '  1  T  ' 

h —  7- 

□ 

H? 

e 

7 — 1 

1 

Tp 

I; 

1 

f 1  "k" 

- 

t 

, 

P 

i 

■ 

i 

h 

o 

“j- 

• 

“1  ' 

_ _ 

- 

m  j 

—  -- 

1 1 1 "" 

1  H 
-  *  —  v 

l 

— I 

HH 

1— 

i  -  i 

! 

1 

e 

\ 

—L 

1  1 

1  4  , 

4 

1 

_  [  J 

1 

-  'L-. 

j 

+ 

\  r  ] 

■  r 
' 1 

'rl 

- 

t 

i  > 

-  Li 

i 

4 

f  | 

a, 

1 

—  t 

"  f  ^ 

]  r: 

”  f  f 

J:! 

| 

I 

f 

i 

T. 

n 

: 

T 

4- 

1 

1 

1 

l  r~ 

— j _ 

0 

V 

0 

— - 

■  j 

K 

jHHf* 1 

E 

\r. 

|  ■ 

*  1 
*  '■  J 

~T 

;WJ. 

i-  3 

J 

!  * 1 

JliL  '3 

V 

U  ..Hi, 

”1 

L 

1  1 
1, 

‘  ^ 

1  | 

*1  ' 

T 

■T 1 

1+ 

lJ 

p,-  • 

" 

' 

X 

I 

— *—  1 

1 

_ L 

I 

4 

_  4 

I 

\ 

p 

s 

1  l  1 

j  . 

'  '  ■ 

!  Sj 

T\ 

1 

!_.  .  | 
Ml 

; 

. 

■ 

1-  ..... 

r 

!  1 

— 

4 

;  i 

y 

f  i 

i 

*4 

1 

i  i  i  ■ 

1 1  ■ 

iL_l 

f  1 

L  1 

■ 

i< 

: 

_J_ 

1 

* 

d  ; 

-l- 

i 

3r 

rr 

i 

II 

i 

K 

TIME 


9  o  o  M9  o  aoo  o  o 

MO  S33M03Q  MOO  03S/030  —  S 


I 


A3  A  99 

919/'*  >0 


Wing  Deflection 


1  N 

B 

*  . 

■  '■> 

■  ■ 

* 

time  in  seconds 


n 

1 71  " 

, 

.  _  j 

1 

-■ 

•* 

1 

;n 

m 

■ 

- 

IjLJ 

_ 1 

j 

T' 

i  ^ 

t 

T\ 

i 

Ljh 

T'  ” 

: 

4— 

ul 

— 

□ 

T ’ 

n  ^ 

r 

*1 

i 

i 

1 

J 

]' 

L. 

i 

J 

C“ 

|  „  -n 

r  4\ 

i 

L  _J 

i  -j- 

> 

! 

-f  -  1 

; 

"  ~! 

' 

i 

— 

7 

Lj. 

‘  5 

U 

in 

<2 

i 

i 

i  -1 

i 

a 

, 

1  ^ 
i 

! _ 1 

1 

1  1 

r  —  - 

; _ _ 

r  ’M 

: _ . 

-T-.- 

\ 

I  j 

!j— 

I 

l 

I  i 

1  ’ 

- 1  - 

1 

1  I-  ' 

1 

1  ’ 

, 

i  - 

r--j 

L„ 

1  '  "ml 

e 

QC 

1  I 

1 

i  _  _ 

j...  _ _ 

M 

1 

it*-.. 

!  j  ■  -p 

tl 

j;_ 

i 

K 

r 

1  " 

r  " 

i  «  ■ 

h  *  - 

i 

! 

■  - 

"  J 
i_L_ 

r 

< 

T — " — 

- * — 

J 

J 

/ 

BR  t^I  * 

/ 

1 

■  J 

+— 

j 

/ 

F 1 

Jli! 

j/ 

!■  i 

• 

-  r  4i  j 

1  + 

J 

/' 

- 

u 

f\ 

«  i  hi 

n 

r 

■ 

i 

iLA 

V 

/ 

...  H 

F  ^  1  — 

_ _ ;r„  ta 

ly 

'vT 

/ 

“T 

1  +  1  1  1  1 

:  '  ] 

y 

/ 

_ _  J 

_ ljl« 

/ 

”!  2. 

I  V:  | 

/ 

1 ' 

1  PM 

\y 

/ 

/ 

*■ 

+  ■ 

-  -  -  --*h| 

-  .  On 

> 

1  ™ 

L 

/ 

/ 

j- J- 

< 

j. 

r 

\ 

T!“ 

=  ]_ 1  *  1 

p"~  !■  H  T 

1 

,  _  c 

i 

■ 

■ 

f  +*' 

i 

/ 

a 

tr 

J.. 

m 

Lii.« 

1 

i 

' 

i” 

n 

r_*  - 

L> 

SB 

*  ■ 

ILJ.  - 

_L_  M 

/ 

( : 

*  j 

r  ■ » 

Lt 

Mfi 

r 

4 

+  - 

S±l 

r 

i 

— 

i 

p 

t  «- 

a 

m 

rni 

f- 

* 

r — 1 — r 

1  f  4 

jv  t 

L.J_  J _ M 

t p 

L  N 

h-r 
^  - 

t 

* 

El 

r 

4  ■f 

[T  ’ 

:Kr 

\ 

N 

■In 

-* 

>■ 

1  "  " 

r-i 

h 

r  tr,5 

ii-ti 

, 

k.  -  .  j  i  p 

3 

9 

J.  __ 

1 

4 

F  ■ 

1  '1 

1  _  _ : _ 

_1L_ 

T  * 

Li 

*  i 

n  i  ■  ' 

d — -i — — J  ^ 

IN  SECONDS 


fl&4,.|AV:2A~  7  CVAC 


-10 

TIME  IN  SECONDS 


TSDia  KftlOD  (B3  fCJ  <J7) 

Metzler,  J  f  DIVISION:  Guided  Missiles  (1)  J 

I  SECTION:  Testing  U4) 

[CROSS  REFERENCES:  Missiles,  Guided  -  Flight  tests 
^ 62929);  Roll  ( 83000) 

UTHOR(S) 


AMER.  TITLE:  flight  tests  of  first  ten  STV-2's  with  program  roll  systems 


1A?D°  12649 

flORIG.  AGENCY  NUMBER 
I  CM-409  I 


ORIGINATING  AGENCY:  Johns  Hopkins  Univ.,  Applied  Physics  Lab.,  Silver  Spring,  ud. 
•  TRANSLATION _ 


COUNTRY  LANGUAGE  IfORG'N-CLASa  U.  SJCLASS.  DATS  PAGES  IUUS.  : FEATURES - 

U .S. _ Eng.  Sep1 47  20  12  table,  graphs 


Report  presents  a  description  and  configuration  of  the  supersonic  test  vehicle  and 
equipment  used  during  the  testa.  The  main  purpose  was  to  provide  a  sustained  velocity 
region  of  flight,  to  determine  the  rate  of  roll  and  rate  of  change  of  rolling  velocity 
resulting  from  differentially  deflecting  surfaces  at  fixed  angles  and  to  determine  damp¬ 
ing  in  roll  and  effectiveness  of  roll  control  surface.  Results  obtained  from  telemeter¬ 
ing  records  in  the  form  of  rolls  of  photographic  traces  are  evaluated. 


T-2,  HQ„  AIR  MATERIEL  COMMAND 


WRIGHT  FIELD.  OHIO,  USAAF 


